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Sept enber 24, 1980

Depart nent of Energy

Nevada Operations Ofice

P. 0. Box 14100

Las Vegas, Nevada 89114

Attn: M. J. B. Cotter

Dear M. Cotter:

2100 Prudential Plaza

Coastal Oil & Gas Corporation Post Office Box 749

Denver, Colorado 80201
Phone (303) 572-1121

%\\OE/ET/IZ%O—I .
% Final Report on: Massive Hydraulic

Fracturing in the Natural Buttes Unit
Uintah County, Utah

Pl ease refer to your June 26, 1980 letter to M. Kim Smth, above subject.

Pl ease find attached final report on "Massive Hydraulic Fracturing in the
Natural Buttes Unit, U ntah County, Utah". The changes which you requested

be made to the initial

submttal of the subject report have been incorporated

into this report. This is the final report of work perfornmed for Phase |
through VI11 under Departnent of Energy contract No. DE-ACO8-76-LET-12060.

Pl ease note that the text of this report coments that the MHF project at
Natural Buttes Unit has been conpleted with the exception of Phase |X,

specifically the final

core analysis of cores taken at the ClGE No. 21-15-10-22.

After the report was put into final form the core analysis on Cl GE 21-15-10-22
was received fromTerra Tek, Inc. Wth the attachnent of the core analysis on
Cl GE 21-15-10-22 the report on Massive Hydraulic Fracturing in the Natural
Buttes Unit under DOE contract No. DE-AC08-76-ET-12060 is conplete.

TLI/ ma
At tachnent s

xc:  Frank Mdkiff
M1l es Reynol ds

Sincerely,

Terry L. Jackson
Production Engi neer

A SUBSIDIARY OF THE COAS™AL CORPIRATION
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DI SCLAI MER

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Departnent of
Energy, nor any of their enployees, makes any warranty, express or inplied,

or assumes any legal liability or responsibility for the accuracy, conpleteness,
or useful ness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference
herein to any specific comrercial product, process, or service by trade nane,
mar k, manufacturer, or otherw se, does not necessarily constitute or inply

its endorsement, reconmendation, or favoring by the United States Governnent
or any agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States CGovernment or any
agency thereof.

DI SCLAI MER

———

Reference to a conpany or product nanme does not inply approval or recomrendation
of the product by Gas Producing Enterprises, Inc. / CG Exploration, Inc. or the
U S. Departnent of Energy to the exclusion of others that may be suitable.
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MASSI VE HYDRAULI C FRACTURI NG | N THE NATURAL BUTTES UNI'T, Ul NTAH COUNTY, UTAH

by KimL. Smith, Coastal Gl
Inc.), and Terry L. Jackson, Coastal Ol

& Gas Corporation (fornerly Gas Producing Enterprises,
& Gas Corporation.
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|—This is the final report of work performed for phases | through VIII under Departnent of

Energy Contract No. DE-AC08-76ET 12060.

| aBsTRACT

The Massive Hydraulic Fracturing (MVHF)
project in the Natural Buttes Unit has been
conpleted with the exception of phase IX,
specifically the final core analysis report
on cores taken at the ClGE No. 21-15-10-22.
Terra Tek, Inc. has projected a md-May com
pletion on that report, and it will be for-
war ded under separate cover. The results of
t he program i ndi cated poor econonics for the
justification of massive hydraulic fractur-
ing, but sufficient infornmation was obtained
on fluids and proppants to pernmt standard-
ization of the fracture treatments in the
Wasat ch/ Mesaverde formations of the Natural
Buttes Unit. --

Materials and equi pnent sel ection has
improved with experience in massive hydraulic
fracturing with regard to the actual opera-
tion, but evaluation techniques for deter-
mning fracture growth, in situ rock-fluid
interaction, and in situ rock mechanics with
regard to fracturing have not devel oped with
i ndustry experience. The nature of the com
pletions (i.e. multi-zone with limted, if
any, selective testing) does not pernmt
eval uation of the fracture treatnents wth
bottom hol e pressure buil dup anal ysis.

| NTRODUCTI ON

Drilling began in Bitter Creek Field,
U ntah County, Utah in the early 1940's.
The early wells were conpleted in several
prospective zones in the Wasatch and Mesa-
verde formations based on criteria such as

cl ean gama ray, porosity devel opnent, and
drilling shows. Stinulation, if necessary,
vas restricted to 10,000 - 20,000 gallon
acid jobs or 15,000 - 35,000 gallon fracture
treatments with 15,000 - 30,000 pounds of
sand. This type of stimulation in the usu-
ally tight Wasatch and Mesaverde sands had
the effect of removing wellbore danmage causec
by the drilling operations, but did very
little to increase recoverable reserves.

The Natural Buttes Unit was forned in
the Bitter Creek Field on January 5, 1968;
and Gas Producing Enterprises, Inc. (GPE)
began operations within the unit in 1969.
Conpl etion procedures remained simlar to the
early conpletions until work began in Sept.
1976 under Departnent of Energy Contract No
DE-AC08-76ET 12060. This contract outlined
a program to perform nine MHF treatnents ove:
a two-year period for the purpose of deter-
mning a cost-efficient method of increasing
reserves in |owperneability sands. Figure .
is aunit mp of the Natural Buttes Unit witl
the nine wells highlighted, and Figure 2 is :
typical porosity |log showing tested interval
in CGE No. 21-15-10-22. Figures3 through X
are performance curves for the wells involves
in the program

Al'l work under this contract has been
conpleted with the exception of core analysi:
work being performed by Terra Tek, Inc under
phase V. Total cost of the program was
$6,002,722.21 of which the Department of

Energy paid-$1,976,080.11 and GPE paid
Is4,026,642.10.
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This paper summarizes the work performed
under the contract, updates individual well
performance, and presents conclusions along
with current procedures.

DISCUSSION

The nine MHF treatments performed in thig
program were designed with variations in
fluid viscosity, fluid volumes, and proppant
sizes in order to determine the optimum method
of releasing trapped reserves in the low per-
meability - low porosity Wasatch and Mesaverde
sands.

Crosslinked or viscous fluids were used
to obtain "vertical suspension' proppant
distribution as opposed to "equilibrium
banking" distribution obtained with this on
non-crosslinked fluids. :

Fluid volumes were varied dependent on
whether a multiple entry (staged) job or a
limited entry job was designed, and refined
and unrefined guars (gelling agents) were
used to determine the effects residue had
on well performance after treatment and
icleanup.

3 Proppant concentrations and sizes were
zvaried with no observed effects.
3

The following discussion summarizes the
individual MHF treatments and presents results
obtained through post—frac studies and per-
formance. All frac dates are shown on the
attached performance curves. All GPE costs
shown include drilling and completion costs.

PHASE I - NATURAL BUTTES NO; 18

Natural Buttes Unit No. 18 was perfor-
ated in 18 zones over the interval 6490' -
8952', with a total of 72 holes. The well
was treated with 9,000 gallons of 15% HC1,
695,000 gallons of 2% KCl gelled with 50
pounds / 1,000 gallons of low residue guar
gum and crosslinked for viscosity, 100,000
pounds of 40/60 sand, and 1,380,000 pounds
of 20/40 sand pumped in nine stages. Pro--
duction prior to the frac had averaged 10-20
MCFD, and following a sand cleanout approx-
imately three months after the frac job, the
well was completed for 1326 MCFD.

Total costs of the frac and subsequent
cleanout was $814,827.41 of which the
Department of Energy paid $175,000.00,

GPE paid $639,827.41

and

Cumulative production through -January 1,
1980, was 821.8 MMCF. Figure 3 is a perfor-
mance curve for the subject well.

PHASE II - NATURAL BUTTES UNIT NO. 19

This well was treated with two fracs in
19 zones in the Mesaverde formation over the.
interval 7220' - 9664'. A total of 76 per--
forations were opened in the 19 zones. The
first frac treated nine zones in the interval
8909' -~ 9664' with 5,000 gallons of 15% .HCL,
5,586 gallons of 27 KCl water gelled with 20
pounds / 1,000 gallons of high residue guar =
gum, 269, 260 gallons of 2% KCl-water (40 -
pounds gel, high residue guar gum), 61,000
pounds of 100 mesh sand, and 363,000 pounds
of 40/60 sand pumped in five stages. - A total
of 435,000 SCF N, was used throughout the job.

Radioactive tracer sand was used to
permit post-evaluation of the frac. A gamma
ray-temperature log run after the frac
indicated two lower zones covered with sand,
but also showed that the seven upper zones
were fraced successfully, that the bordering
shales contained the frac in each zone, and
that no channelling occurred.

The second frac treated the interval
7200' - 8676' (10 zones) with 6,500 gallons
of 15% HC1l, 358,302 gallons of 2% KC1l (30
pounds gel, high residue guar gum), 72,576
pounds of 100 mesh sand, and 711,651 pounds
of 40/60 sand pumped in seven stages with
555,000 SCF Nj. '

A gamma ray log run after five months
due to delays caused by mechanical problems
again indicated that each zone was treated,
and that the treatment remained in the zones.

The well was completed for 161 MCFD
following a total cost for the two frac jobs
of $683,755.03. The Department of Energy
paid $150,000.00 and GPE paid $533,755.03.
Cumulative production through January 1, 1980,
was 27.4 MMCF. Figure 4 is the performance
curve for the well.

PHASE III - NATURAL BUTTES URIT NO. 14

Natural Buttes Unit No. 14 was an old
well that had produced only 51.0 MMCF since
completion in October, 1974 after treatment
with 10,000 gallons 15% HC1 until MHF treat-
ment on March 15, 1977. The well was opened
in 15 zones from 6646' - 8004' with 60 total
holes. The treatment consisted of 8,000




gallons of 15% HCl, 32,000 gallons of 2Y%
KC1 pre-pad, 544,000 gallons of 2% KC1
water gelled with 50 pounds / 1,000 gallons
of crosslinked, low residue gel, 40,000
pounds of 40/60 sand, and 1,053,000 pounds of
20/40 sand pumped in eight stages separated
by ballsealers. Production increased to
approximately 700 MCFD after the frac, as
shown on the performance curve included as
Figure 5; and cumulative production through
January 1, 1980, since the frac was 406.2
MMCF.

The Department of Energy paid 507 or
$121,697.17 of the total cost of $243,358.25
for the frac.

PHASES IV - NATURAL BUTTES UNIT NO. 20

This well was completed with the
limited entry technique, with only 26 per-
forations in seven zones over the interval
8498' ~ 9476'. Flow rates following perfor-
ating and acidizing ranged form 75 MCFD to
150 MCFD. The well was fraced with 2,600
gallons of 7%% HCl, 10,000 gallons of 2%

KCl water, 309,000 gallons of 2% KCl water
with 50 pounds / 1,000 gallons low residue
guar gum gel crosslinked for viscosity,
56,000 pounds of 100 _mesh sand, 745,000
pounds of 40/60 sand, 25,000 pounds of

20/40 glass beads, and radioactive tracer
sand. The well was completed for 1100 MCFD
and had produced 449.1 MMCF through January
1, 1980. Figure 6 is a performance curve
for the subject well.

A gamma ray log run after cleanup in-
dicated that all zones were treated, no
channelling occurred, and the frac was
contained by barrier shales.

Total cost of the frac was $822,155.56,
of which the Department of Energy paid
$125,435.89, and GPE paid $696,719.67.

PHASE V - NATURAL BUTTES UNIT NO. 21
(CIGE 21-15-10-22)

Phase V includes drilling, coring and
testing of six zones in the Mesaverde for-
mation of the subject well. Production
tests on the six zones ranged from water
and gas too small to measure to 100 BWPD
with gas too small to measure. All cored
intervals and tested intervals with test
results are shown on Figure 2.

Terra Tek, Inc. has scheduled completion
of the core analysis final report for mid-

May, 1980. That report will be submitted
under separate cover.

Total cost of Phase V was $639,272.55,
of which the Department of Energy paid
$575,345.29, and GPE paid $63,927.26.

PHASE VI (A) - NATURAL BUTTES UNIT NO. 9

Natural Buttes Unit No. 9 was completed
in May, 1972 over the interval 5661' - 8934'
with 56 perforations. The 42 zones opened
in this interval were fraced with 7,500
gallons of HF acid, 32,634 gallons of 27 °
CaCl,, and 21,500 pounds of 20/40 sand
during initial completion, resulting in
initial production of 875 MCFD. This well
produced 459.0 MMCF from initial sales
unitl the MHF was performed on March 27,
1978.

The MHF treatment consisted of 7,000
gallons of 7%% HC1l, 35,500 gallons of 2%
KCl water pad slicked with 10 pounds / 1,000
gallons high residue guar gum, 56,600 gallons
of 2% KC1 water with 60 pounds / 1,000 gal-
lons of high residue guar gum, 258,000 gal-
lons of 40 pounds / 1,000 gallons of high
residue guar gum, 28,000 pounds of 100 mesh
sand, 525,000 pounds of 40/60 sand, 2,200
pounds of 50/50 unibeads, and 110 tons of
CO, pumped in twelve stages. Cumulative
post-frac production was 218.4 MMCF through
January 1, 1980. Figure 7 is a performance
curve for the well.

‘The Department of Energy paid
$167,673.99 of the total cost of 5223,685.32
for the MHF treatment of Natural Buttes Unit
No. 9. GPE paid $55,921.33.

PHASE VI (B) — NATURAL BUTTES UNIT NO. 22

The limited entry technique was used
again on Natural Buttes Unit No. 22, where
twenty zones were opened with 35 perfora-
tions over the interval 6838' - 8550'. Flow
rates averaged 175 MCFD prior to the fracture
treatment. The MHF treatment consisted of
3,500 gallons of 7%7% HC1l, 12,000 gallons of
2% KCl water, 478,758 gallons of 2% KC1
gelled with 60 pounds / 1,000 gallons of low
residue guar gum crosslinked for viscosity,
60,000 pounds of 100 mesh sand, 1,066,000
pounds of 40/60 sand, and 25,000 pounds of
20/40 glass beads. Total production through
January 1, 1980, was 51.1 MMCF. The well
has been shut-in for the past 12 months due

to high water production. A performance
curve for the well is shown as Figure 8




Phase VI (B) costs were $837,768.14 of
which the Department of Energy paid
$207,360.49, and GPE paid $630,407.65.

PHASE VII - CIGE 23-7-10-22

CIGE 23-7-10-22 was completed in ten
zones in the Wasatch with 20 perforations
from 5080' - 6294'. This limited entry
completion was acidized with 4,000 gallons
of 7% MSR prior to fracturing and flowed
approximately 400 MCFD. The frac consisted
of 240,000 gallons of 40-pound low residue,
crosslinked gel, 90,000 pounds of 100 mesh
sand, 135,000 pounds of 40/60 sand, 205,000
pounds of 20/40 sand, and 40,000 pounds
of 10/20 sand.

Total cost of Phase VII was $706,764.20.
The Department of Energy paid $61,329.79,
and GPE paid $645 434,41,

The well was completed for 800 MCFD
after cleanup and had produced 276.5 MMCF
through January 1, 1980. Figure 9 shows
the five~month performance for the well.

PHASE VIII -~ CIGE 2-29-10-21

Phase VIII total costs were $1,031,135.65
The Department of Energy paid $392,165.49, and
GPE paid $638,970.16. These costs included
two fracs on separate intervals and a sub-
sequent sand cleanout of the upper intervals.

CIGE 2-29-10-21 was initially perforated
in eleven zones, with 22 perforations from
9237' -~ 9653', and was acidized with 3,000
gallons of 157 MSR. These zones tested
gas too small to measure prior to a frac
consisting of 195,000 gallons of 2% KCl
gelled with 30-40 pounds / 1,000 gallons of
high residue guar gum, 30,000 pounds of
100 mesh sand, and 140,500 pounds of 40/60
sand. Subsequent cleanup operations -
recovered only water, and a CIBP was set
to isolate the perforations.

The second set of perforations covered
14 zones with 24 holes from 7251' - 8774°'.
These perforations were acidized with 4,500
gallons of 7%% HCl and produced approx-
imately 30 MCFD prior to fracturing. The
frac consisted of 722,000 gallons of 2%
KCl with 40 pounds / 1,000 gallons of high
residue gel, 78,000 pounds of 40/60 sand,
and 1,176,000 pounds of 20/40 sand with
radioactive tracer sand throughout the job.

After an overnight shut-in period, the well
was opened up completely dead, and cleanup

t been made based on the results of MHF

operations found sand 12 feet below the
surface. Initial producing rates following
cleanup were 500 MCFD.

A gamma ray log run over the upper per-
forations after the frac indicated that all
zones were fraced, and that the frac was
contained by barrier shales with the exception
of the interval 8532' - 8674', where the tool
detected radioactive sand throughout the
interval. "~

This well had produced 10.0 MMCF through
January 1, 1980, as shown on Flgure 10. =4

CONCLUSION

The Wasatch and Mesaverde formations
are typically lagoonal or deltaic deposits
with some channel sands, and the sands
that develop within these formations are
lenticular fine~grained dirty sands with-
low porosity and permeability. Problems
that arise in evaluation of potentially
productive zones, such as the discontinuous
nature of the sands making correlatiom
virtually impossible, -and log~-derived values
of water saturation being unreliable, might
obscure some of the conclusions that have

program. This was observed in CIGE 21-15-
10-22 and CIGE 2-29-10-21, where production
tests before and after stimulation failed
to establish production.

‘High residue guar gum was used as the
gelling agent for the MHF treatments on
Natural Buttes Unit No. 19, Natural Buttes
Unit No. 9, and CIGE 2-29-10-21. These guar
gums were unrefined and contained approxi-
mately 10% residue by volumes versus approxi-
mately 17 residue by volume in the low
residue or refined guar gums. Results of
the three fracs ranged from a low-volume well
at Natural Buttes Unit No. 19 to quadrupled
production of Natural Buttes Unit No. 9
Results at CIGE 2-29-10-21 were disappointing
with initial production rates of approxi-
mately 500 MCFD. Performance for the
single month of unrestricted production to
date was considerable lower at approximately
100 - 150 MC¥D.

Two of only three wells treated with
fluids gelled with high residue guar gum
were completed as poor producers, indicating
the possibility of formation damage due to
the residue. Although there was a lack of

field data obtained to support this con-
clusion, results of the fluid-rock interaction




tests being run on the Cl GE 21-15-10-22
core by Terra Tek, Inc. also indicate
noderate to severe formation damage. Fina
results of the core analysis will be sub-
mtted in May 1980.

A second factor that was varied was
fluid viscosity. Crosslinking agents were
added to provide viscosity to carry the
proppant and provide for "vertical suspen-
sion" distribution of the proppant instead
of "equilibrium banking" distribution that
is provided by thin or non-crosslinked
fluids. A problemwth control devel ops when
considering that all |ow residue guar gum
gel were crosslinked in this experinent
and that all high residue guar gumgells
remai ned non-crosslinked. The three wells
di scussed above could be discussed again
/with regard to fluid viscisity. However,
it is not possible to separate the effects
of residue and viscosity in the field data.

All remaining fracture treatnments per-
formed during this programused | ow residue,
crosslinked gel for the fracturing fluid.
Natural Buttes Unit No. 22 is the only nar-
ginal well that was fraced with a |ow
resi due, guar gum gel crosslinked for
viscosity. Initial-production rates of
approxi mately 600 - 700 MCFD were affected by
hi gh water production and eventual ly de-
clined when water production increased to
create disposal problems. This well has
been shut-in for over twelve nonths.

Proppant sizes of 20/40 mesh and 40/60
nmesh have' no observable effect on well per-
formance in the tight Wasatch and Mesaverde

sands.  Sand crushing does not appear to be
a problem dass beads were used in three
fracs, and no sustained production'increase

has been observed in these wells versus

those wells where only sand was used as a

pr oppant . Sone 100 mesh sand was used during
the programas a fluid | oss agent, but no
adverse or beneficial effests were observed.

Radi oactive sand was used in three
fracs, and post-frac gamma ray |og indicated
that all zones were fraced in the two
"staged" fracs and the one "linmted entry"
frac. The barrier shal es apparently con-
tained the frac within the zones in each
frac on Natural Buttes Unit No. 19. However
radi oactive sand was detected over a 142-
foot interval after the frac on Cl GE 2-29-
10-21. The shal es contained the frac in

the remaining zones. A doubtful cement job
over washed-out hol e was concluded to have

permtted the frac to communicate in the
142-foot interval

Pre-planning for a MHF treatnment is
necessary with regard to hole size and well-
bore equiprment. Casing and/or tubing mnust
be sized and graded to enable the high rates
necessary in a limted entry treatnment and
the high pressures that occur in a staged
treatment. Location size and layout is also
i nportant for proper |ogistics. .

Gas Producing Enterprises, Inc. has
remained active in the Natural Buttes Unit, .
but is nowdrilling and conmpleting in the
Wasatch due to poor econonics that resulted
fromdrilling to the deeper Mesaverde forna-

tion.

Limted entry conpletions are used
al nost exclusively now with the fracture
treatnments designed on a rule-of thumb of
approxi mately 35,000 pounds of 20/40 nesh
sand per zone. The 100 mesh sand is no

| onger used. Punp rates average approximatel
40 BPM for |ow residue, crosslinked fluids
with sand concentrations of one to four
pounds per gall on.
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FIGURE 4

NATURAL BUTTES NO. 19
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FIGURE 5

NATURAL BUTTES NO. 14
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FIGURE 7

NATURAL BUTTES NO.9
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FIGURE 9
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